A genomic DNA fragment that encodes a Plasmodium falciparum antigen has been isolated by using human antibodies eluted from the membrane of infected erythrocytes. The antigen has a very unusual primary structure; it is exceptionally rich in asparagine residues, many of which are distributed in dusters (2-15 residues) along the polypeptide chain. Unlike many P. falciparum antigens, this protein lacks tandemly repeated sequences. The antigen is distinct from Pf 155, a merozoite-derived antigen deposited in the membrane of infected erythrocytes, but contains epitopes that crossreact with anti-Pf 155 antibodies. Antisera prepared in mice against the asparagine-rich protein react with late-stage parasites in indirect immunofluorescence. In an in vitro merozoite reinvasion assay, the IgG fraction of a mouse polyclonal antiserum, as well as a mouse monoclonal antibody, gave significant inhibition. Three polypeptides (Mr 36,000, 30,000, and 15,000) were recognized by these antibodies on immunoblots of P. falciparun extracts.
In view of the resurgence ofPlasmodiumfalciparum malaria and the growing problems of drug resistance, major efforts are being focused on defining parasite-derived antigens that might elicit a protective immune response (1) . However, while some antigens are believed to be involved in protection, others may have no such role. Rather, some of the highly immunogenic and frequently variable parasite polypeptides may be counterproductive by exhausting the humoral immune response (2) or by inducing cell-mediated suppression (2, 3) . Perlmann and coworkers (4, 5) identified a merozoiteassociated antigen of Mr 155,000, which is deposited in the erythrocyte membrane at invasion. The antigen is most easily detected on the surface of erythrocytes infected with early stages of the parasite (4, 5) . Antibodies to this protein stain a Mr 155,000 P. falciparum antigen (Pf 155) on immunoblots and efficiently inhibit merozoite invasion in vitro (4, (6) (7) (8) (9) (10) . Pf 155 contains two blocks of tandemly repeated amino acid sequences, which are strongly immunogenic and apparently conserved between different P. falciparum strains (11, 12) .
To isolate antigens of possible importance for protective immunity, we screened a genomic P. falciparum library, constructed with the expression vector Xgtll (13, 14) , using antibodies eluted from the surface of glutaraldehyde-fixed and air-dried infected erythrocytes. We have in the present study isolated a clone that encodes a parasite polypeptide of Mr 50,000 that is distinct from Pf 155 although it contains epitopes crossreactive with the C-terminal repeat structures of that antigen. The Mr 50,000 antigen contains 30%o asparagine residues, distributed along the entire polypeptide chain. Moreover, antibodies to this antigen inhibited merozoite reinvasion in vitro. We designated this antigen CARP (clustered-asparagine-rich protein).
MATERIALS AND METHODS Parasites. P. falciparum DNA for construction of the genomic library was prepared from a clone (7G8) of a Brazilian isolate (IMTM22) as described (14) . Another P.
falciparum strain used for DNA and protein studies was from Tanzania (F32).
Construction of a P. fakiparum Genomic DNA Library. A genomic DNA library was constructed using the expression vector Xgtll (14) . The DNA fragments were produced by digestion with mung bean nuclease as described (13) . This library has previously been used by Dame et al. (14) for the isolation of the gene encoding the circumsporozoite profin of P. falciparum.
Screening of the Library. The screening procedure ofDame et al. (14) was used. The primary reagent was human anti-P. falciparum antibodies, affinity purified by adsorption to the surface of glutaraldehyde-fixed and air-dried monolayers of erythrocytes infected with strain F32 (4). Antibody-binding isolates were detected by addition of 125I-labeled protein A and subsequent autoradiography (14) . Positive clones were picked, propagated, and retested according to standard procedures.
Restriction Enzyme Analysis. Restriction endonucleases (New England Biolabs or P-L Biochemicals) were used under conditions recommended by the suppliers. Cleaved DNA was fractionated in either polyacrylamide or agarose gels and in some cases blotted onto nitrocellulose filters (15) . Cloned DNA was labeled by nick-translation (16) .
DNA Sequence Analysis. Sequencing was performed by the methods of Maxam and Gilbert (17) and Sanger et al. (18) .
Immunoblotting. After separation of the polypeptide mixtures by NaDodSO4/PAGE under reducing conditions according to Berzins et al. (19) , the antigens were electroblotted to nitrocellulose strips and treated with primary antibody and secondary reagents as described (19) . P. falciparum antigen was a schizont/merozoite-enriched preparation derived from parasites cultured in vitro (20) . Escherichia coli-derived parasite antigen was obtained by introduction of the recombinant phage as a lysogen into E. coli strain RY1089 (American Type Culture Collection 37196) (14) . The transformed Abbreviations: CARP, clustered-asparagine-rich protein; kb, kilobase(s); bp, base pair(s).
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bacteria were grown and induced according to standard procedures (14) . Cells were harvested by centrifugation, and the pellets were suspended in 1 ml of phosphate-buffered saline ( (23) . Antibody-producing cultures were screened by indirect immunofluorescence (24 5 Upper, lane A). A similar pattern was obtained when the blots were probed with the whole serum from which the antibodies were derived (not shown). Only very weak staining was observed in these molecular weight regions with a rabbit anti-3-galactosidase serum. The latter serum revealed a prominent band at Mr 115,000 (data not shown). A rabbit antiserum to the synthetic octapeptide Glu-Glu-Asn-Val-GluHis-Asp-Ala (8), which represents a subunit ofthe C-terminal repeat structure of Pf 155 (12), also stained a band at Mr 50,000 (Fig. 5 Upper, lane D). Moreover, human antibodies affinity-purified by adsorption with this synthetic peptide (8) stained the Mr 50,000 polypeptide (data not shown). In contrast, neither a human monoclonal antibody to Pf 155 (9) nor two mouse monoclonal antibodies to the synthetic peptide (unpublished work) showed any reactivity with (3b:II:D6) prepared against CARP showed similar reactivities in these assays. Antibodies to CARP Inhibit Merozoite Reinvasion in Vitro. Using the whole immunoglobulin fraction of sera from mice immunized with CARP, 50% inhibition of reinvasion was obtained at 220 ,ug of IgG/ml. However, the mouse monoclonal anti-CARP antibody 3b:II:D6 (IgM, hybridoma culture supernatant) required only 110 ,g of IgM per ml for 50% inhibition (Fig. 7) . Similar concentrations of normal mouse IgG or control hybridoma supernatants containing equal or higher concentrations of monoclonal antibodies to human bladder tumor antigens gave no significant inhibition in this assay (Fig. 7) . Monoclonal antibodies to some unrelated malarial proteins were similarly incapable of inhibiting the invasion process, whereas the inhibition titers of other antimalarial monoclonal antibodies varied between 5 and 500 pg/ml (refs. 9 and 10 and unpublished data). for P. falciparum antigens by immunoblotting. Here the size of the antigens was smaller (Mr 30,000, 36,000, and 15,000, respectively), suggesting proteolytic breakdown or processing similar to that described for other malarial antigens (25, 26) . A similar fragmentation may also take place in the E. coli lysates, as an antigen of Mr 34,000 frequently appeared together with the Mr 50,000 polypeptide. However, we do not know whether the antigens that are recognized by anti-CARP antibodies in the P. falciparum extracts are degradation products of CARP or represent different antigens with crossreactive epitopes (27) .
CARP (data not shown

DISCUSSION
The basis for the isolation of the gene for CARP was the reactivity of the gene product with a human antibody preparation strongly enriched in antibodies to Pf 155 (4). The antigenic relationship between CARP and Pf 155 was confirmed by the strong positive reaction of CARP with human antibodies, affinity-purified by use of a synthetic peptide representing a subunit of the C-terminal repeats of Pf 155 (8) . In addition, rabbit antibodies to this synthetic peptide reacted with CARP. This crossreactivity could be predicted from the sequence of CARP, since it contains two short amino acid stretches that are closely related to sequences within the octapeptide subunit of Pf 155 (12) . Moreover, when the rabbit antiserum to the synthetic octapeptide was used to probe P. falciparum extracts in immunoblotting, both Pf 155 and antigens of the same relative size as seen by anti-CARP antibodies were stained (data not shown). On the other hand, a human monoclonal antibody to Pf 155 (9) and two mouse monoclonal antibodies raised against the synthetic octapeptide did not react with CARP, probably because their specificity was more restricted than that of the reactive polyclonal antibodies. More important, none of the antibodies raised against E. coli-derived CARP reacted with Pf 155 when tested by immunoblotting of parasite extracts. This finding was not unexpected, as the C-terminal region of Pf 155 is composed of a large number of amino acid repeats (12) , whereas CARP has only two copies of the related sequences per molecule (Fig. S Lower) . Thus, although the amino acid repeats are immunodominant when Pf 155 is the immunogen (8), immunization with CARP should give rise to antibodies reacting with epitopes specific for this protein rather than those that are shared with Pf 155. However, no experiments have yet been done that exclude the involvement of nonlinear epitopes in these crossreactions.
When 50 patient sera were tested for antibody reactivity with CARP by immunoblotting of bacterial lysates, 43 gave positive signals, although some of the signals were rather weak. However, as most of the sera probably contained antibodies to the C-terminal repeats of Pf 155, which would be expected to crossreact with CARP, further work is needed to establish the immunogenicity of CARP in humans.
The immunofluorescence pattern seen with antibodies to CARP indicates that the antigen is associated with merozoites. A monoclonal antibody to CARP inhibited reinvasion of P. falciparum merozoites at a 50%o inhibition titer of 110 Ag/ml. Immunoglobulin from a mouse polyclonal anti-CARP serum also inhibited, but 220 pg/ml was needed for 50o inhibition. An immunoglobulin preparation enriched in anti-CARP antibodies would probably have an increased inhibitory titer (6, 8) . The inhibition was not due to crossreactions between these antibodies and Pf 155, as they did not react with Pf 155 in indirect immunofluorescence and immunoblotting. Thus, while these results suggest that CARP is accessible to antibodies during merozoite reinvasion, its possible function in this process has to be clarified. Moreover, the direct evidence that the in vitro reinvasion assay reflects antibody-mediated protection in vivo remains to be established.
It is unclear whether the cloned fragment comprises the whole gene for CARP. The finding of an open translational reading frame that starts at the 5' end of the cloned fragment suggests that it might only represent a 3' portion of the gene. The polypeptide expressed from the Xgtll vector does not seem to be a fusion protein, since the cloned fragment is inserted in the opposite transcriptional orientation relative to the ,B-galactosidase promoter. This suggests that transcription starts in the cloned fragment or from a late A promoter. Thus, the first methionine codon in the sequence might be used for initiation of translation. Preliminary RNA blot-hybridization analysis (data not shown) indicates that the mRNA for CARP is much larger than the cloned fiagment.
However, we cannot make any direct comparison between the size of CARP and the size of its mRNA, since we do not know the size of the untranslated regions. To answer these questions, it will be necessary to clone the sequences located 5' of the cloned segment in the P. falciparum genome.
Many P. falciparum antigens contain large numbers of tandem repeats composed of two or more different amino acid residues. For instance, the circumsporozoite protein of P. falciparum has a high content of asparagine residues (29%), which are contained within the tetrapeptide repeats (14) . Similarly, the histidine residues of the histidine-rich (73%) protein of P. lophurae are located within tandem repeats (28) . In contrast, the asparagine residues in CARP are distributed in clusters rather than in repeats. A molecule resembling CARP is Varl, a protein associated with the mitochondrial ribosomes of the yeast Saccharomyces. It contains 31% asparagine distributed in a fashion similar to that found for CARP (29) . However, this may well be coincidental and does not necessarily imply a similar biological function for CARP.
